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Implieotiont far the Air Fore* 

Traditionally there has been n considerable 
ieg between the time a new piece of equipment 
is introduced into the field for operational use 
and the time at which a supply of technicians 
trained to service and maintain the equipment be- 
comes available. Since effective operational uti- 
lisation of equipment is dependent upon adequate 
m»jr.*enanr«, this time lag is of serious concern. 

This Research Review describes progress to 
date in a program of research directed toward de- 
veloping procedures by ;..e*n:; of which mainte- 
nance requirements of new equipment can be 
specified prior to the introduction of the equip- 
ment into operational use. 

The procedures developed involve the estab- 
lishment ot maintenance requirements on the basis 
of prototype equipment and determination of the 
degree to which these maintenance requirements 
also apply to the operational equipment. Basic 
to this procedure is an analysis of what a man 
must do in order to ciieck, adjust, trouble shoot, 
and repair equipment, or replace components. 
Information as to these requirements can be ob- 
tained through an analysis of the equipment it- 
self and from analysis cf such supplementary 
data as malfunction records. 

The techniques which were developed ware 
applied to the Q-24 prototype, and the informa- 
tion yielded compared with results of a similar 
analysis of the production model of the Q-24 used 
in the Strategic Air Command. The requirements 
for checking, trouble shooting, snd for other as- 
pects of the maintenance job down to the replace- 
ment of plug-in assemblies or "black boxes," 
established through analysis of prototype equip- 
ment, proved very similar to the requirements as 
established by application of the technique to 
operational equipment. This indicates that Im- 
portant progress could have been made in the 
training, of Q-24 mechanics prior to the introduc- 
tion of production models of the equipment. De- 
finitive information was not obtained regarding 
the correspondence between prototype and pro- 
duction models with respect to requirements for 
repairing of equipment within the "black boxes." 
There is reason to beli#>v*, however, that, even 
with respect tc these activities, training require- 
ments could be established on the basia of anal- 
ysis of the prototype. 

This research also had other valuable outcomes. 
&•,-.   example,  an   important  requirement  for the 

simplification of technical orders, with rt 
to terminology and form of presentation, became 
evident. The research aicohighlighted the impor- 
tance of coordinating equipment design and fob 
design at an early stage of equipm-nt development. 
Ffiective equipment design swat take into ac- 
count the capabilities and the limitations of 
the human beings on whom effective operational 
use of the equipment depends. Another important 
outcome of the project was development of tba 
"Standard Maintenance Form. "This form provides 
a procedure whereby malfunction data can be re- 
coned simply and is an organised fashion to 
yield a basis for meaningful analyses of mal- 
function a. 

<dthougb valuable by-frfo&cts havebewayiwld- 
ed, the major outcome of thin reeeercfa program 
concerns the prediction of maintenance require- 
ment s of operational equipment from prototype 
data. Research now in progress, snd future re- 
search, w.li demonstrate whether specific and 
detailed maintenance job requirements can simi- 
larly b* anticipated with other equipment. If these 
maintenance requirements can be predicted, the 
*>»rK«di of job requirement anticipation developed 
in this research can be recommended as standard 
rewctfCvi ••* accorate anticipation sf ssistsssscs 
job requiivueata can ba> achieved, years ot iesd 
time can be saved whenever it is deemed desira- 
ble to take the "calculated risk" that the proto- 
type equipment actually will go into production. 

This Research Review will be of interest to 
training personnel, operational personnel, sad 
military psychologists. 

Arthur W. Melton \ 
recfericeJ Director 

Herbert N. Cowles 
CoL, USAF 
Coaanmtdini Officer 
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Anticipating Tomorrow's Maintenance Job 

Complex Machines and Sie*pS« Jabs 

leSaaeluctlss 

Frequently a considerable period elapses be- 
tween the tine a tarn equipment is sent into the 
field for operational use and die time at which 
teclinlcians trained to service tW. equipment 
hecome available. This impairs operational uti- 
lization of the equipment until such time as ade- 
quately tinned technicians are available. It is 
therefore highly important to develop procedures 
whereby esiateaaace requirements of sow equip* 
.oem can be specified prior to the introduction 
of the new equipment for operational use. This 
ess asks possible prior training of maintenance 
personnf*. ssd reduction of the time lag between 
introduction of sow equipment and the availability 
of trained maintenance personnel in sufficient 
number to nest operational requirements. A con* 
tribution towards reaching this ideal can, of 
course, be mads through simplification of the 
maintenance task. 

rhe research ajgaad by i'nis report is directed 
primarily (oweres the development of * method 
tar mnticipmttng mmimemneo fob reijjsjjnsessnrs 
prior to thi iatiodiictiou of iir» wuljijmTii into 
the field.1 The steps in the following section 
sum mad re what was dooe is emivlug st a aethod 
for making such anticipations. 

Preli*.'-*fy Invpetlfotlan 

hl>U tm^ttry; lelastIan a* en typtpeW t far *teS> 

la this investigation of procedures for antici- 
pating maintenance job requirements, it was felt 
oecsssary first to select an equipment or equip- 
ments which would be the focal point for the re- 
search. Although the primary concern eventually 
would be with mattcipmting maintenance job re- 
quirements for equipments which had sot yet 
been built, It seamed at this stage that an exist- 
ing equipment would provide s not* concrete 
basia for the preliminary investigation. The Air 
Fore* suggested tbst sitborae bombing-naviga- 
tional equipment would probably offer s fruitful 

lhii report repreeente • .ummary presentation of ma- 
larial Included in a»er« • r'cr.iivl Wcrir.lea* ••••blirat:^:.. 
Capita at theae publication, *»• aveUafele upon ree>ia»t 
(1. 2. 3>. 

research area. In keeping with this suggestion, 
the AN/APQ-24 Radar Set, manufactured by 
Western Electric Company, and the K 1 Bombing- 
Navigational System, manufactured by Sperry 
Gyroscope Ccxpnny, were selected for study. 
When this study WMS initiated, the Q-24 had be«m 
in use for some time longer than the K-l. Tie 
investigation was therefore started on the Q-24 
in order to take advantage of the greater beckiog 
of experience on that equipment. 

It was thought desirable, after the particular 
equipment had bees, selected for a focal point, to 
ga&er as much information shout the job of 
maintenance as could practicably be obtained. 
Is particular, information pertaining to Q-24 meir>- 
iafissce wss sought. On the r»£sis of this pre- 
liminary information, it might be possible to de- 
velop more refined techniques of investigation, 
if such were required. 

It seemed that ose way to collect some of this 
information would be to study the records which 
had bees kept of maintenance activities. Con- 
sequently, this possibility wss investigated first. 

IsWeWtIpeaf M  •* Mel •SwX wa**JV 

Visits were made m Atr M&u-uei Cut.ira.tna 
(AMC) and to th«? base at which advanced engi- 
neering tearing of the Q-24 was being carried out. 
Maintenance records were studied is the hope 
that they would reveal the kinds of problems main- 
tenance mechanics were required to solve. More- 
over, it was hoped tbst woe information might 
be glesnod from the records on how the mechanic; 
solved these problems. A comparison of these 
two aspects of maintenance between prototype 
and production models would be one index of the 
degree to which maintenance job requirements 
could nave been anticipated for the Q-24. It wss 
found, hovwver, that although some inleaBStion 
was available on the malfunctions which had 
been encountered, these records provided no 
data en other aspects of the maintenance job. The 
general conclusions as to the limited usefulness 
of these records* we:e confirmed by the reports 
of various maintenance officers. These conclu- 
sions were that the so-called "Unsatisfactory 
Reports" did not ewer al! malfunctions which 
developed in the course of engineering testing 
or in operations. Therefore, these repots could 

• 

• 

u 



f 

I   '? 

not be trusted •• being rapreajtntatlve of aainte- 
aance problems. Secondly, the reports frequently 
omit red dear (ot in fact, any) statements of symp- 
toms. Usually the final corrective action or rr- 
plareroent made/was all that w<?» stated in the 
report This is to some degree understandable- 
since the principal basis for the report was to 
help the factory i* prove the design of the equip- 

In interviews with persons on these field trips 
it was as ggssted that the technical orders lor the 
equipment might offer some ctac* for direction 
of the investigatioa. This source wss therefore 
looked into next. 

Tadtalaal radars aa »•» 0-i* taalp—•» 

It was thought that atudy of the techaicel or- 
ders would provide moreinf omaticn oa the etruo- 
tare, responsibilities, sad prcbteaa of the aais* 
teasnee job, Techaica) orders oc the K.-1 were 
not yet available at that Hire, bat the technical 
osiers for the Q-24 showed quite clearly, when 
studied in the light of whet had bees leaned la 
Interviews with personnel ia the field, that the 
job of maintenance consisted of sure then just 
finding troubles la a walfuoctioning set. Much of 
the Job apparently consisted of relatively routine 
activities such •« checking the equipment for 

It • a a as • rt. therefore, that suf P-iw ioiormstion 
had beea collected to permit setting ap s tenta- 
tive outliae of maintenance Job sctivitios at this 
Ume. This outline would help structure data col- 
lection aad other research activities. 

WSr*BSltSl^   f^S SJ  Sll 

The first point which rras established was that 
the project would be concerned only with the fec/V 
nicaf sapects of the Job, That is.givsn as eqaip- 
meni and the necessary tools tad test equipment, 
what nsst the mtaHmumm mecnanic do la order 
to perform hla Job? Other aspects each as **•- 
motivation of the mechanics, although critically 
important, were set sside. 

Followiag the i.utial invest! geti>ws ia the field 
sad preliminary study ef the technical manuals. 
tone defini tiona were cere or less arbitrarily aet 
up by the project staff. These definitions sere 
intended to be exhaustive of the technical aspects 
of the ma intone nee Job. 

»:•   r 

The first of these definitions wss that of the 
maintenance job as such. The mechanic's techni- 
cal Job was defined as "finding out if the equip- 
ment is operating within tolerance limits, aad 
locating and correcting the csuaes for out«of- 
tolereace operation." These toierrwee limits are 
specified by the manufacturer «ad by various 
military agencies. 

Witbia this more or less geaeral definition, the 
functJoas of the job were defined. These ass cov- 
ered by: checking and adjusting, trouble shooting, 
replacing of components, and repairing of compo- 
nents. Formal definitions werepesparedfor each 
of these categories. The later analysis of Job 
behaviors was to revolve around these job func- 
tions aa they were defined. No new categories 
appeared from later investigation. 

The preliminary analysis mitlined above pro- 
vided the eroundwork for succeeding steps is 
this research, With aa equipaeat selected for 
initial work, a preview obtained regarding what 
could be expected from atiiatsnancs records aad 
technical orders, aad the maintenance Job tenta- 
tively defined, it wss possible now to begin fill- 
ing out the preliminary analysis. 

Filliwa Out Sw Pmttailnery Anatyels 

,'«?•=.->«»=•*• ~zh factory design engineers. Trips 
aade to the factories which suHtoXsctured 

these equipments. Interviews were held with the 
personnel who were intimately involved in the 
design, construction, rero.ding of data, and other 
functions having to do win the prototype and 
production model development Information and 
informed opinion were obtained aa to the kind aad 
extent of maintenance job behaviors which could 
be predicted from prototype equipment. The opin- 
ions expressed by different people tended to- 
ward wide divergence. These divergences were 
t«rtmr>i»i Istcr in the course of the project ss 
••ifclas from different Interpretations of th* ''main- 
tenance job." 

Study ot exiafiraj training oi nisi friminsaraiii 
fanance pereunnei. Visits were paid to various 
installations which trained maintenance me- 
chanics for the AN/APQ-24 and K-l Jobs la an 
effort to deterstiae what were the sources of Job 
data ased in setting up the Training programs. 
These visits included factory ttaining establish- 
ment- and Air Training C'omv^.id installations. 
Some inquiry waa also cond>"-,-.d into oa-the-job 



'-'TSWMJ*^ -VS3t-- 

i 
V i 

1 .1 
}\ 

r 

\' < 
fe :• 

i • 

r • 

5 

U n 
1 

. i 
{ ; 

I 

training in the Strategic Air Commtr.«. Course 
syllabuses and other printed material used in 
training were obtained. Inquiry *as made atHeed- 
quartem Air Training Csaaand, Keealat AFb, 
and Lowry AFB an to how training requirements 
*"<"• obtained by ATRC, and from what Job be- 
havior data the curricula were eataMished and 
training criteria set up. The r££}-Otta>ulc persons 
interviewed expressed regret that they could not 
provide useful information as to the sources of 
such data and disappointment over the fact that 
no such sources seemed available. 

Collecting of malfunction recorda at Ah Frov 
ing Ground. Several visits were paid to the Air 
Proving Ground in an effort to learn more about 
what happened during operational suitability 
testing in view of job anticipation Charac- 
teristic procedures were set down. Copies of 
malfunction record: were obtained, but like the 
records at AMC, they seemed to lack complete* 
ness of coverage (malfunctions considered miner 
from the standpoint of equipment modification 
tended not to be recorded) -.*J Individual reports 
lacked important behavioral data. 

Vimitm to Strategic Air Cnaaaamf tmrnm to atrnfy 
on-the-}ot> activitiea. Two SAC bases were visited 
for several weeks each. Each of these bases had 
some electronic equipment of toe type under study. 
0=-ttc-}ch ic«»l:i=3 «rerw 6hm^ry<n ai?e<T:y; a 
study wss made of types of job assignments given 
to various echelons of maintenance, and methods 
of gettingmaifunction records were noted. Copies 
of malfunction records were made for later analy- 
sis st the American Institute for Research. In- 
formation and opinion were obtained by extensive 
interviews with personnel from commanding 
officers to airmen. 

Although the distinction between echelons of 
maintenance (such as Right line vs. shop levels') 
wss fairly well established, assignment of indi- 
viduals <» by numerical need rather than by 
kind or level of training. Fci eaampie, individ- 
uals were found working in the shop who hsd 
been trained only fc- the job of checker at the 
flight line level of arintenance, according to 
then-existing policy. Interviews indicated that 
trouble shooting was gencreuy mote tnel-snd-error 
than systematic. Attempts here, as in the A.TRC 
installations, to obtain a act of systematic trou- 
ble-shooting techniques were met by some varia- 
tion of the statement: A good trouble anooternaa 
to have "experience." and haa to "know" hit 

equipment. Further attempts to pin down the be- 
havioral variables in what wss meant by "ex- 
perience" and "knowing the equipment" led to 
paraphrases of the original statement aa quoted. 

UtlMcottofl •* *•» Rmcmri* 

As ujeniiunedin the previous paragraphs, main- 
teuance records in existence st the time of this 
investigation did not contain the behavioral data 
nee'ed for this research. In view of the dissat- 
isfaction with maintenance records felt not only 
by American Institute for Research personnel but 
by many key persona dealing with this equipment, 
the development of a new reporting form was un- 
dertaken. Many responsible persons connected 
with both design and maintenance of airborne 
electronic equipment had agreed that a systematic, 
standardized method of reporting maintenance 
activities would be valuable in imp»mng future 
maintenance aa well as providing the job be- 
havior data required for this research. 

swaataamatrf »t • iNweaal Uai—•— 

In view of the dissatisfaction with malfunction 
records, felt not only by the research personnel 
hut by maey key persons dealing with Shis equip- 
ment, the development of a new reoortinfc form 
was undertaken. This new report rota v.me to 
be known aa a Standard Maintenance Form tSMF). 
It was intended to be "standard" for a given 
equipment, although most of the categories in- 
cluded ia this form were believed to be relevant 
to any electronic equipment and to some me- 
chanical equipment. The form waa based on an 
analysis of the information needed in getting to 
know about the mschanic's job as well aa about 
the equipment and operations. It was expected 
to require a miniaua of writing whit* getting a 
maximum of clearness and detail aa to whet hap- 
pened in every maintenance incident. Maintenance 
activhj z-^'-sm based on thae* SHF reports 
would tell the kinds of trouble which came up. 
the final corrective action, and some of the steps 
in between. It would slso direct attention to 
problem spots in the equipment end indirectly to 
probless in carrying out the maintenance job. 
(A soopia Standard Maintenance Form is presented 
in Appendix A.) 

A detailed »et of purposes and a rationale was 
prepared for the SMF. In the rationale each item 
or category was related to one or more purposes, - 

.1 
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•ad a discuasion was given aa to how the data 
obtained would serve that purpose 0\ 

After several preliminary revision*, the SMF 
was tried oat etHanter, Castle, and Ceraweii Air 
Force Basea. It was also used briefly at Eflia 
AFB. The form and its purposes were endorsed 
by persons of staff responsibility, and the forr. 
dononstrsted that it could provide mr>n- useful 
information than any other record system aeen to 
that date. It became deer, however, that the coo* 
Blatant use of a new record system, no matter how 
useful it might be, requires s program of indoc- 
trination, training, end aonitodaf. Thin ptogtaa 
seemed ontalde the scope an-i resource, of this 
project. Nsverthaleaa, the SMF can be reccm- 
mended aa a sound principle in data gathering 
foe operationa research. 

Important aa SMF data may be as supplementary 
information, it was found In a later phase of 
this research that other procedures can provide 
job anticipation data with leaa expense and ef- 
fort. This conclusion becomes e'l the more 
strengthened when the original premise of trouble 
shoo ting by frequency or "probabilities" is re- 
placed by the sounder procedure of trouble shoot- 
ing by logical elimination. (See the section en- 
titled "Trouble Shootine" far a f»!!e? discas-lss 
of mis topic.) 

An Alternative t» Matnranaace Raca-aa 

It was apparent that if a job anticipation pro- 
cedure were developed which depended upon 
maintenance records for its data, application of 
that procedure would be difficult. Furthermore, 
even with the standardized reporting on the Stand- 
ard Maintenance Foss, the behavioral detail re- 
quired for a comprehensive analysis of the job 
was lacking. These considerations led to a re- 
assessment of the approach which hsd been taken. 

Tne first point which came up waa the distinc- 
tion between the various levels of maintenance. 
This problem had been g«"en very brief consid- 
eration earlier. The observation of operations :n 
the field led to revision in thinking on the divi- 
sion ot the maintenance job. This division is 
discussed in the section which follows. 

0»»«Joom«r,t •(  DU'lnc»ion« 9»«nn 
"I If hi Lin* •'<"« *>e- Uaintcnanca 

Existing policy solit the flight tin* job :r.!.~. 
that of system checker *nd system analyst. The 

ra*«-5%v 

man who worked In the shop waa called a < 
nent aaecie/isf. The ap.U of line maintenance 
into two jobs seamed impractical in view of field 
conditions. The critical distinction, however, 
seemed to lie between line maintenance which 
involves working down to the "black box" level 
and shop maintenance which involve* work within 
the "Mack bos." Sfaea this diatinctior is an 
importa.it one for this research, it deserves some 
amplification. 

A combination of logical analysis of the equip 
meat aa a system plus the study of field practices 
showed that the job requirements of mechanica 
who did checha and adjustment* and trouble 
ahoottng la the aircraft on the flight line dif- 
fered iaaortaatly ham the patten* of job isqaire- 
meuts of shop mechanica. The sharpness with 
which this distinction between line mechanica 
and shop mechanica ia made differs from beee 
to base. However, the distinction appears useful 
la general, oa the flight line the raechaeic works 
down to the plug-in assembly. If he cannot bring 
a plug-in unit into specified tolerance, it cay be 
replaced with a good oae from the shop, if this 
line-slop diatinctfon la maintained he does not 
trouble shoot within this assembly. Therefore, 
ee a minimum requirement for this line activity 
he needs to "know" and work with the equipment 
only at the biock diagram level. The block die- 
gtatu shows now the various plug-in units or 
black boxes tie in with each other. 

To work within the assembly a different set 
of knowledges and skills is called upon. This 
may require working with circuit diagrams and 
soldering and unsoldering w»r*s within the plug- 
in assemblies in order to test resistors, con- 
densers, and other parts. Thia ahop activity, 
involving check and trouble-shooting procedures, 
does not usually parallel the somewhat more 
standardized activities winch are a major portion 
of the fine maintenance job .>" defined above. 
Although thia distinction may nnt be made uni- 
formly at all banes, it is very useful in the further 
consideration of equipment analysts *m? the pre- 
diction of maintenance requirements. 

These considerations would indicate that the 
decisions of the design engineer about the basic 
piug-in assemblies are critical ones to the anti- 
cipation of the job of maintenance mid the leve' 
of training and Aill required on tb9 Una, aa 
defined in the preceding paragraph. In other 
•srorvS. «S acun:. oowaibie that the line level 
Maintt?ni','-e jobcould be anticipated with greater 
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success than could the shoo level lob when the 
anticipation ia based on prototype equipment. 
This hypothesis accounts for some of the di- 
vergences nf opinion ••pressed earlier os the 
practicality of anticipating maintenance job re- 
quirements from prototype equipment. 

Distinguishing between line and shop level-; 
of maintenance helped lay the groundwork for Ihc 
development of the method of equip*•*'* mnmtymim. 
Since the activities of the hu-ans in the man- 
machine Syito.il of .iiir.ierancc, as reported in 
maintenance records, were inadequate for the 
task at hand, it seined reasonable to torn to the 
machine part of the team. The study of human 
activities was called activity ana/yai*. Study of 
the maintenance job requirements from the view- 
point of the equipment was called equipment 
*n*lyni*, This latter technique, which hes yielded 
very satisfactory teaulta, ia dm-:u«*sed in the 
following section. 

t»ii>»im Analysts as • Tsthnla>a 

Activity analysis of maintenance behavior on 
prototype equipment even under ideal conditions 
left large parts of the tab unknown. The routines 
of checking, adjusting, end aligning, the de- 
tailed steps to be taken in replacing parts of 
the equipment, were not spelled out. The mental 
processes leading to decisions in efficient trou- 
ble shouting and correcting of malfunctions ware 
not effectively covered. An additional technique 
of getting job information would, in any event, 
be necessary. 

The eolation was based on a method cf man- 
machine systems analysis which :r rum mad zed 
briefly in Append!* B.2 This technique, equip- 
ment analysis, was based upon thodemtukla mettle 
by the aquipammtf on the mechanic. 

These demand* i.-.uy be grouped under two 
broad headings: (1) what intctmmtion doom the 
taachim provide? (This element requires that the 
mechanic be able to r.---vf the indicators which 
present this information.) (2) what must the me- 
chanic do to the equipment to get it to operate 
correctly within the specified tolerance"? These 
two aspecta are interdependent. Therefore, what 
•he mechanic has to -•-.* (or hoar or fee/) and 
f'r»>rpr»»f w»» matched with the specific things he 

A iwn^.hn fuiisr pt.itnlalion or mm-richtnt tsss 
analysis was mad* by Rrbart U. Millar u> s papa> pessimist! 
ic 2t* A-**r4r>an Psychologies! Association msstlnc in Ssp- 
iimDit 1052. MooiricaUona or ins lichnlquss ars bslng sr» 
pllld to othoj ^rt.fcdimi Including ths tlrrlsi of coaoitl 
training 4avlcss. 

'SrfSfc - 

had tn do. In the cases where he might hove to 
choose or decide w hat to do, the alternative* 
were specified. Finally, it was necessary to 
specify whst telly the mechanic that what he haa 
done is correct or incorrect after be has performed 
a gives action. 

In specifying the signals, or cues, which the 
mechanic may observe and the s.ctione and de- 
cisions he must make, there are a number of 
degrees of specificity which may be used. Thin 
research, it may be remembered, was concerned 
with specifying job requirements for purposes 
of training. It was thought, therefore, that con- 
siderable detail should be presented in die analy- 
sis. Consequently, after the tasks had been 
named which were appropriate to the job being 
studied, a detailed statement of each action, de- 
cision, and perception required to perform these 
tank* wan •*.«<?«, in e recerrt analysis of this 
kind,  over 3000 such  behaviors were   written. 

Since such a large number of activities must 
be written for the analysis of a single job such 
aa line mechanic for a given equipment, it was 
necesssuy that this writing be standardized. For 
this purpose the Job Behr.ior Form was devi«W, 
which provide* a cosxisteat format for the re- 
cording of joe behaviors. A sample page from a 
Job Behavior Form is presented in  Figure  1. 

Actually, of coarse, the analysis of an eouio- 
meni as complex aa a radar bombing system 
inclodes s nojsber of phases not mentioned above. 
The Interested reader Is reminded that a summary 
of The entire scheme of "fu-ciissal analyais" 
is presented in Appendix B. 

Tnis step-by-step anatyaia of job activity 
requirements seems like a cumbersome proco 
dure. Such detailed analysis tends to guarantee, 
however, that little of importaec: will be over- 
looked or taken for granted. Later pc^gr-phs 
mention other advantages from this procedure. 

The job data can be filled in by inspecting 
the equipment Itself, or from specif lotions of 
that equipment, with the help of the engineers 
who can Interpret Ita actions and functions. The 
check points and values, adjustments, snd other 
features of construction are translated Into human 
Inputs snd outputs of Information "going into 
the mechanic" and responses or response alter- 
natives, which should "coc.e out of him." What 
is called "equipment analysis" can be dor.* at 
the prototype stage of development of new equip- 
ment. 
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In summary, we have teen the potential »d- 
vantage of bring able to predict in advcmee of 
the operational u*e of new equipment the Job re- 
^uirr*neata for maintaining that equipment. A 
method har been developed for recording, with 
the use of Standard Maintenance Forma, activity 
involved in eliminating malfunctions from the 
prototype* during it* engineering teat*. A method 
has also been provided for equipAvnt auaiyaia 
which spells oat the necessary action* by the 
mechanic and the information available to him 
for guiding that action, Equipment analyst i ia 
based on the way the equipment is built and how 
it functions. This method may also be applirtd to 
the prototype. Job activity data and equipment 
analyai" Hata aupplement each other. It sl«ould 
be noted, however, that equipment analysis pro- 
vides a more complete and probibl, uun i.iiabie 
method of determining technical job behaviors 
than does the Standard Maintenance Form. 

lnt»tj'o»lor. ot Eaalpa-awt Analyst* 

kni Activity Andys*. 

In both applications of this procedure to date, 
activity analysis data have been either very 
limited or completely lacking for the prototype. 
Consequently, activity data collected on the pro- 
duction models were not Integrated with equip- 
ment analysis. It was felt that prototype and pro- 
duction model data sho&ld be comparable. The 
activity data which were collected, however, were 
an independent source of maintenance job behav- 
iors for both the Q-24 and K-I. It should be en- 
phaaizedthat in boih applications the job activity 
data added go new behaviors to those obtained 
from equipment analysis. 

Equipment analysis provides the xuMcicnt 
mod necessary requirements for the job in ques- 
tion. Activity analysis, on *• other hand, car. 
provide d=ta on what is actually done on the job. 
When applied at the prototype stage, activity 
analysis should ii-^ * p—view of later field 
activities on production models. 

In t-.r>r> ea**** wHerr the job anticipation pro- 
cedure has been applied to date, the equipment 
to which it was applied had been in use in the 
field for some time. These applications were 
made for the purpose of "prelimin-irv validation" 
of the procedure and to determine the extent to 
which the maintenance job requirements could 
hsve been anticipated on those equipment* In 
these situations where the testing of the proto- 
types was completed prior to application of the 

•Itjfi—M. , 

procedure, the only job activity data available on 
the prototype were thoa* which had been kept 
while that testing was going on. Unfortunately, 
these «i*r#. were very limited ia as* case and com- 
pletely unavailable its the other. 

it was thought desirable, however, to obtain 
practically all available activity data on pro- 
duction models of the equipments. This was 
done. In the case of the Q-24, which was die 
first equipment to which (he procedure was ap- 
plied, malfunction problem-', recorded during pro- 
totype testing were compared with tboseobtai&ed 
from activity analysis using Standard Maintenance 
Forms during regular maintenance operations on 
production r-Hrl equipments. The other data 
obtained on the SMF's had no counterpart in pro- 
totype data, so they we** used only as supple- 
mentary job analysis data on the production mode! 
Q-24. In the case of the X-l, no activity dais 
were available from the prototype. Consequently, 
the activity data obtained on K-l production 
models were used as supplementary production 
model maintenance job analysis data. 

Ov*r.«li xmi.erif.et sad Differences sf Prototypa 
And Production Marti! Maintenance 

Pet lbs AN/ APQ-24 

Cassfctas, Adtviftng, Xaslaclna 

Checking, adjusting, trouble shooting, replac- 
ing, and repairing are the five functions into 
which the job of line maintenance has been divi- 
ded in this project. On the basis of equipment 
analysis a definite number of behaviors3 is spec- 
ified by each of the functions of checking, ad- 
just inn and replacing. For purposes of s summary 
companson between prototype and production, 
therefore, these three functions were grouped to- 
gether. Before presenting the results cf this 
comparison, a little explanation about the be- 
havior categoric which were set up seems to be 
In twdef- 

For these three functions alone, several thou- 
sand behaviors were specified in the analysis of 
the line maintenance job. It was felt that the 
detail and specificity of this behavioral analysis 
wtts riice»»*iy fur a definitive statement of the 
job. However, some way ot summarizing this lcr&e 

A "behavior" ,»(,,• to • epeclfic activity carried cut 
uy • mechanic in cewefcina, adjusting or replacing- thn 
equipment, In addition ;- 'factor," o. •«r»il acUvltU.. 
perceptual diecfimlnaUone and dotiaior.; .. »*i*> by the me» 
t-imt'ic eleo are neater* ••   '*b^hevtore.*' 
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bulk of behaviors it also desirable for several 
ress•*. Briefly.the ressons iie:(t) the detailed 
statements we too unwieldy, making it difficult 
to obtain an over-nii picture of the job; Co) the 
reader unfamiliar with the equipment may be 
pussled t, O>«A> references to specific parts of 
the equipment, the connotations of technics! 
symbols may suggesi a job complexity not bome 
out by the job behaviors, (c) it may be desirable 
to abstract and generalise psychological factors 
which seem to be common to groups of super- 
ficially different job behaviors. 

With the above reasons in mind, main area 
headings were set up tor grouping the job behav- 
iors. The principle that behavior, for the purpose 
of this research, may be adequately described by 
specifying the stimulus and essential discrimina- 
tion or perception required, the motor response 
or human output required, the intervening sym- 
bolic or mental pioeesses, and the criterion of 
adequacy of the response was the basis for these 
main area headings. The subheadings ware ab- 
stracted from the behaviors in the detailed analy- 
sis. 

With the specific behaviors grouped into these 
categories, the comparison between prototype and 
production was made for the functions of check- 
ing* adjusting, and replacing in line maintenance 
of the G-24. This cosnariaon is presented greetu- 
ceiiy ie Figure 2. 

Although there wss sot a one-to-one corre- 
spondence with respect to individual behavior 
from prototype to production model, the symmetry 
of these two tallies is impressive. This symmetry 
would support the hypot&eaie that with respect 
to the patterns and relative frequencies of the 
behaviors ae fravped by those categories, the 
checking, adjusting, and replacing activities on 
die prototype are veiy »iui>l«f to the s«.iie job 
Junctions on the production models. (More de- 
tailed comparison of these functions is contained 
in [3].) 

»n addition to the comparison of the behaviors 
of checking, adjusting, ami replacing, test equip- 
ment used in those functions on prototype and on 
production models was compared. Six teat instru- 
!»sn** w»r* ptjmmnm tohoth rvrr»»ofyo» and produc- 
tion modal. Two test instruments were used or. 
the prototype only, and one was unique to the 
production model. Training on the use of test 
gear used for the prototype would certainiv have 
been appropriate foi K.~ducticn model maintenance. 

Repairing 

As defined ir. this project, repair operations at 
the lies level are very limited. Host of t>e —pair 
work is done in the shop. Line level repair seems 
restricted mainly to replacement of vacuum tabes, 
repositioning cable plug pins, mending broken 
connection between wire and pin on cable plug, 
and replacement of dial illuminating lights and 
plug-In relays. Although no specific data ware 
available on repairing of the prototype, such 
activities as those just enumerated are common 
to rasny different equipment*. Consequenfly. they 
probably could have been foreseen at the proto- 
type stage of the Q-24. 

T.oubU »«n« 

The moat important and without doubt the most 
difficult of the job functions is trouble shooting. 
Trouble shooting is made up of an indeterminate 
number of problems containing an undetermined 
number of steps in their solutions. It therefore 
does not lend itself to the same kind of behav- 
ioral analysis and comparison aa the other job 
functions. 

la order to do an analysis of this function, it 
was necessary to spell out a technique of trou- 
ble shooting, since no well-defined method could 
bs fesnd in the Held. The aenta ot TWO tech- 
niques—trouble shooting by logical elimination 
of alternatives and trouble shooting from proba- 
bility data were studied. (For • complete dis- 
cussion of kinds and levels of trouble shooting 
sod the requirements of each, see 131.) 

Troubl* cKr.orinj. fmn probability data de- 
pends upon an accurate, detailed record of per- 
formance of the equipment. The rsu'ir -nance me- 
chanic, in trying to find the cause of a given 
malfunction symptom or group of symptoms, con- 
sults a listing of those corrective actions which 
had successfully H'm.nefed the symptoms on 
previous occasions. Mo first performs the cosrec- 
iive action wtiiv.ii had been successful more times 
than »my other in clearing the trouble, that is, he 
takes the raost probably effective corrective ac- 
tion, tf t>.v; fails, he tries the next most probable, 
and so on. This method requires re/tabfe tables 
of "probably effective corrective actions" for 
given symptoms. Such tables must be made from 
records of v>ast msinienar.ee *ork on the equip- 
ment. 
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Jbaarviag groae Indication* 
Reading values on dials 

Poaiiion tuikxi diaie 
Calibrate* dial* 

Noting relative oouon of dlaJa. 
•coo* pees • station 

Raadlog radar acoce and oaclUoacoy 

Carrying au/f iclaat apaed and load 

Prrcavttona 

Man to I (kill. ana1 aUiUlea 

Recording « transcribing InJoroatton 

•taking arithmetic 

I akllta i 

Adjusting control* 

Dspraasiag a* releasing button, 
knob ut awitch 

m.Tl 

Patting together machsnical fittings 

Patting together oleetrical c BUSTS stloas 

Moving or shifting cciapaaanta b» haad 

•la. X  C«e#ht« 
»»i 0-24. 

(saw af sateaarlce* abaabiag, sdiastlag, asd iselselsa |e* fceh—tara«  arsrstrss »a. erjdwMea 

Because of the great number of symptom* and 
associate* corrective actions which can and do 
occur, large numbers of neihinciion iacioanta 
se«m to be required for reliable prt bsbility tablet 
of chin kind. For example, in the rasa of the Q-24, 
100 trem of troul>l«-a»i»wjtlnj, "wWeas (malfunc- 
tion symptoms) were abebacted fme> 400 S«J. 
fuacu-xi incidents (svmDtotne end their associated 
corrective actions) for the production model. Theae 
are obviously not enough incidents from which to 

•pacify probable onuses for the 100 problem 
types. Even fewer ir,a!function incidents (191) 
wore available on die prototype. 

It must be concluded on the basis of theae 
data and from the necessary requirements of s 
practice! table of likely cau«*s that the prototype 
tenting Til! uot be very helpful for trouble shoot* 
:.*.£ based on probability data. 

Trouble shooting, however, may also be based 
on a systematic method of /ojic*.! elimination at 
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pomaibilitiea, the other technique mentioned pre- 
viously. This method has been judged by *lec- 
tronic* engineering experts to be efficient as 
well as sufficient for localizing the cause ot 
given maifunction symptoms. Although the logical 
sequence nifty be rsodsfied by such factors as 
accessibility and convenience of portions of the 
eo'iipr.cr.i for checking, adjusting, end replacing, 
the basic technique is c-peratiwoelly sound. 

Application of »K*s technique requires use and 
interpretation of the functional block di»g»er» si 
u.c equipment; perfoisaace of rattier simple logi- 
cal deductions, and use of the skills and 'Knowl- 
edges required in the checking, adjusting, and 
replacing functions. The degree of similarity 
between prototype and production for these lat- 
ter three functions has been shown. The degree 
of similarity between prototype and production 
model block diagrams also bears very heavily on 
the over-ill similarity of trouble shooting of pro- 
totype end of product:or. models. 

A comparison was therefore made between the 
block diagram of the Q-24 prototype and that of 
the Q-24 production models. This comparison 
showed a good many differences in the locations 
of test points in the equipment. With respect to 
ptiaapima ni operation among or in components 
of the equipment aw tbaj might aJlect trouble 
ahoottnt br loAtcii elimination at the line level. 
however, only three differences were noted. Re 
ducing this number to any kind of percentage 
weald be relatively meaningless. In view of the 
complexity of the equipment end the large num- 
ber of possible differences, however, it seems 
sate to conclude that these three dittevences do 
not constitute a senouj. dissimilarity between 
prototype end production mode! block d:s£rsrr.a. 

This finding suggests that, in this case, line 
lev** *ouble ahootint c.outd hn*~ been taught as 
a general technique and also as a specific skill 
on the Q-24 ec a'jon am the block diagram for the 
prototype ot the Q-24 became available. 

C:.~p;.:.wu -•' AH/AFw*i* training or.-' 
The Job Analysis 

important information about <• job may some- 
times be iecmed by looking into the baais for 
alleged diltlcolties which technical school grad- 
uates in eel wlien they start their jobs. The dif- 
ficulty, even tnough attributed to training, may ac- 
tually lie in 'he assignment of personnel to Uain- 

•aair" ' 

•tis, the wsy in wltich the graduates are used, what 
is expecteduf the graduates,the incentive or mo- 
tivation   situation,   and perhaps other causes. 

In an attempt to track down the basis for some 
complaints about Q-24 mechanics, the Q-24 
checker's course and the Q-24 systems analyst's 
course were compared with the job requirements 
of the fine mechanic. The reader should be re- 
minded that lias ra&chanic functions, as here 
defined, consist of checking, adjusting, and 
trouble shooting only to the black bo* (aobes- 
sambly plug-in) level for which the Mock diagram 
is almost elwaya adequate. When a subassembiy 
is diagnosed to be defective, the line mechanic 
plugs in a substitute replacement. The ebop me- 
chanic, as here defined, diagnoses and makes 
repairs within the plug-in unit which has been 
found to be defective. 

An scslysl. was made of the content of the 
training course outlines for the checker's and 
systems analyst's courses. A principal finding 
was that the content of both these courses cuts 
across the line vs. shop jobs. That ;.*, the 
checker's coarse contained classroom and labo- 
ratory content applicable la part to the Q-24 shop 
requirements and in part to the Q-24 flight line 
job requirements. The same was true of the sys- 
tems analyst's coarae. This ae*On that training 
for the speattc Job of line mechanic or shop me- 
chanic was necessarily diluted. 

It should be point eo out that extraneous training 
content adds to the difficulties of the learning 
and the recall of whatever crit ,cal materials need 
to be learned and applied to the job operations. 
Tina baa both perxormBnCt/-or*-tse-job conse- 
quences and mo»tv«t:cr.-l consequences which 
may he undesirable. As more subject matter ta 
introduced into a Jiock of turning, the trained* 
rate of confusion tends to go up. If confusion 
tends to occur during training, it may be perticu- 
iarly evident in later attempts to recall the train- 
ing by putting it :nto use in the icb situation. 

Thus, in the performance check and adjustment 
which the line mechanic does on the set there are 
about 840 steps Involving approximately 3100 job 
behaviors. It will be remembered that a job be- 
havior i3 a specific action unit such as « per- 
ceptual discrimination, a motor response, or a 
decision. It is true that till the steps and tln» job 
behaviors «ue not aitogethe< independent, and the 
count is arbitrary in several othrr respect*. The 
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attempt a made here only to demonstrate that 
this one phase of the job alone :« aa extensive 
one. Approximately 14 hours of the checker's 
course seem to have been allowed for actual 
practice in the laboratory of » conp/efe perform- 
ance check on alive mock-up of the set.4 It takes 
a competent, experienced Q-24 mechanic between 
two hours and two days to do one complete per- 
formance check. 

The student had some opportunity to practice 
check procedures on pomonK of the set previous 
to these 14 hours. However, the nature cf the line 
mechanic's job requires that he learn tne charac- 
ter! sties of the set f unction* ng as s whole. Because 
of tits many interlocking functions of the sat, not 
only the checks aad adjustments but trouble •hoot- 
ing at the line level requires a thorough famili- 
arity with the equipment at the block diagram level 
(rather then the circuit diagram). The Mock die- 
gran emphasises and simplifies the interaction 
of one black box with another rather than the mase 
of circuits within each box. It must be concluded 
that additional time spent in actual practice on 
live mock-ups is required if the student is to be- 
come f amiiiar with the set functioning ss a whole. 

Another conclusion, tentative as yet, is that a 
somewhat greater proportion of the time devoted 
to actual practice of the job behaviors in a simu- 
lated job context than is now spent would be of 
**-££££!* sst caiv tc ' at*; **gfegS3SSS cf tha *sb 
but in clarifying for the. student what his training 
ia intended to accomplish. 

Morecffr.be said about (his last point. Becauae 
of the admixture of training to work at the black 
box level and at the resistor-condenser level, it 
ispossible that the student is not sble to develop 
s clear idea of what hi" eventual tasks are going 
to bo. 1 ais type of confusion may not only have 
its motivational consequences, but it may inter- 
fere- rfth efficient orientation toward learning the 
job. This point is, of course, s matter of conjecture. 

Disregarding the degree of practice givon to 
students, the analysis of ihe contents of these 
two courses (systems checker and systems ana- 
lyst) indicates that the line job is covered by the 
cantentm of both courses taken together. But botli 
courses have a lsrge amount of additional ccnte.it 
some of which is relevant t<< shop maintenance. 
The iutal training time did not seem adequate, 
however, to tearh one set of stiidsnts both line 

A*.'-ording to - Uolitlnt «yi:«hu« il.t.d A Awtl 19$*, ,u;*- 
plt.d try Dtiic'uitui M». |, 1;IJU R« •»••<••> and D.v«. jyr.»nt 
G*ou*. K»»»l«r <UU. 

end shop maintenance to an acceptable level of 
job proficiency. It should be emphasised that this 
requires a large amount of practice in job con- 
texts. An actor or musician does n 4 rush out to 
perform publicly after his first rehearsal without 
errors; rstherhe "overleerna" by -'over-practice" 
to allow for inefficiencies of memory and local 
disturbances of various kinds, 

Withimprovedmethods for anticipating the total 
maiUecance job in specific behavioral terms, it 
seems possible chat decisions on job division 
ran be made more realistically. Cr.ce the total 
behaviors required by the equipment ere specified 
inconcreteteoBS, these total requissmeats csa be 
broken down into psttems of individual joes such 
aa lino mechanic or shop mechanic The factors 
to be taken into eccouut ere (I) what breakdown 
of the whole maintenance task will be operation* 
ally practical yet at the same time permit (Z) 
selection and training for each job raring to be 
made as economically as possible while (3) pro- 
viding s realist!?; opportunity for flexibility in 
reassignrr.snt to closely related Jobs following 
en-the-job training. 

These recommendations do not, however, require 
job •pedaUsation* Thus the operational demaads 
and over-all job requirements may indicate that 
it would be moat economical act to make a split 
into several jobs. But the decision whether or not 
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behest made after the job requirements (and their 
training implications) are spelled out. 

Princieles in DesieaJag Eqaipateat fer 
fcemlldry of Meleteaence 

Although the preceding discussion has been 
directed exclusively toward the mechsric's Js» 
in maintenance, a few words should also oe di- 
rected toward the design engineer's job in plan- 
ning for maintenance. This is the problem of 
maintenance simplification. It is important to 
recognise three general principles which may be 
applied to the pmhl.n» of «q...p~--.« «<-«•.~« ~~* 

the mechanic's job. The first is tite design ol 
new equipment im also the deai&n of n~*> jobs. 
Two job areas are involved: operating the equip- 
ment, and maintaining or servicing the equipment. 
The more that what is known about human beings 
is used in the design of new equipment, the better 
these two jobs of operating and •• iir.tninmg can 
be done, Unt<! ******'>?, in designing equipment, 
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ir.uch mote effort ha* be«fl <« rsc?*d toward sim- 
plii'yir.g the operato''* job then toward lirapllfy- 
Sr;g the mauit«n«mce nvrn's job. The bend toward 
planned simplicity in the mechanic'* job needs 
to  be   stepped  up  and  made  sore  system etic. 

A second principle (a that «ne an shipment 
which performa very complex operations can be 
dosiixsd co that it ia not only comparatively 
eamy to operate but ta comparatively easy to 
maintain. For example, by making parts which 
are standard and interchangeable, strides can be 
made in this directioc Simple methods of testing 
the equipment and packaging it so as to simplify 
trouble shooting snd replacesMnt of defective 
parts arc other examples. 

A third principle is that the dependability and 
maintainability ot a new equipment in realistic 
Held conditionn ahould enter into the decision of 
whether it ia desirable, wont a military standpoint. 
to uae the equipment. That is, the manpower price 
should be included in the cost picture. 

The research reported in these pages is con- 
cerned, at least indirectly, with methods for 
implementing these three principles. However, 
as noted previously, the major purpose of the 
Icvestigation, sad oue with potentially immediate 
pay-off result*, is the stody of how to predict the 
job ot maintenance mechanics on a new piece of 
equipment before that equipment has been manu- 
factured in qjQBwriry, 

Precticet Impiicetwn* 

A number of primary and secondary practical 
outcomes of the research ere indicated thus far. 
The realization of some of these outcomes in- 
volves more research, OCaafs require the applica- 
tion of principles and techniques obtained dsrf>«-t!y 
from the research described herein. The general 
atees of these applications are summarized iothe 
following section. 

General Areea of Apall cation • 

Maiataaaaca UachaaicaCaa S*T»«n»d fat Th.it j ••• 
Wrlta  N«» EauraMwit It In Pr*4uetle<> 

According to various officials, both in factory 
training and in the AirTrainie; Command, ,1 would 
be practically unique to begin work on a training 
ayllabus from a complete statement of job requfre- 
ments. In the past these job statements heve not 
been   available*   Thus  persons   responsible tor 

•JaWpViWflS 

trailing have had their intuitions about equipment 
and huDchea about teaching heavily taxed. 

Us'.r.g the procedure* developed in this project, 
maintenance job enUcipeiiona for equipment in 
prr production stages of development could be 
Kade, These job anticipations could then be 
organized into training lequirement*. In -'he' 
words, the training content of courses intended 
Tot specific equipment maintenance would be 
spelled out. 

Job behaviors obtained in advance could alao 
be used for the pieparation of select ion procedure* 
and job-oriented proficiency criteria. 

The development and try out of training aids 
ond devices msy be undertakes concurrent with 
late prototype and eariy production stages. A 
clause in recent contracts with waegfactusers in 
the development of equipment stipulate* that 
special plans and effort will be given to «otiuag 
out training aide and other instructional materials. 
Thia dsssc ia sot practical, however, unlearn the 
the training aide are actually relevant to the 
lemming ot the job, and job relevance obviously 
cannot be determined without hrcrhdge ot the 
fob activitscn. The anticipation of job behaviors 
can therefore provide a real basis for the **•**? 
ot train ft* aids and devices early enough to allow 
for their timely development, and furthermore it 

to training. 
cat en inrae oevrcw* 

T>« CHWW Pa«?«rat «f Raaer Matawjwaaaa Jab 
Paariliaa Can •*»«••• MM 3at-t fa» a 

Raaar Pwnd—iant»l» Cawtaa 

Itiseenaraliy chvoyer to set up and administer 
one course of ''fundamentala'' tor tec grcjps *f 
speciaUst:s>to-be than to teach these rait funda- 
mentals separately to each group. Thia presumes 
that the same training materials are relevant to 
all the groupa trained. However, it seems impcr- 
iaiu io apeciiy basic or fundamental kncwiedgea, 
skill*, and abilities from job derived data and 
tvwarda job directed cri'etia rather than to as- 
sume the nature of these fundamentals in planning 
training courses. Thus, rather than assuming text- 
KwW theory to be B neccssai> ^*rt of training the 
mechanic, the job activities ahould be studied 
litat. From them perhaps a job-oriented set of 
"general" principles can be prepared. 

The Q-24 job analysir its one in a number of 
similer analyses whicn are to be made on related 
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kind* of equipment. From »h«»» varicue analyse* 
thet* can bo found those Job reqviremettU which 
•re common to the Job family el, say, radar me- 
^•rica. From thetraining «»«nrinmpii these com- 
mon job reqvircseMs are "basic" or "funda- 
mental" to the Job group. 

One can aay with confidence that one job re- 
quirement common to «11 technical Jobs is the 
ability to read technical orders and translate them 
into job action. The more difficult the technical 
order- are !c *»ad »nd interpret, the more th* 
training which is seeded. Unless the student is 
able to catty in his head the entire contents of 
the directions in th* technical orders, he will 
have to interpret them (or go* somebody else to 
interpret them) when he geta on th* Job* 

Th* knowledge "basic" to th* deaigi of * 
radar is not necessarily "bssic" to meiatuiaing 
it This r*is** en is* a* which daserres at least 
a paragraph hate. Th* nature and extent of train- 
ing, in some cases, seems to have been determined 
on the basis of phrases such as, "V* don't want 
meatball mechanics who can't do anything but 
follow the cookbook," rather than on the basis of 
concrete facts and definitions. It Is easy to reply 
that one would prefer eating s cake baked by fol- 
lowing a good cookbook than improvised by some 
kitchen chemist, but debate on this level is more 
a ten oi wu than heip to (He prohimv. mw# is 
probably agreement that what is wanted, as s 
minimum, is mechanics who can perform procedures 
according to directions and do so with rapidity, 
thoroughness, and eccurery. As a maximum, me- 
chanics who were potentially able to redesign 
sod rebuild the Outiie sat fiua, bsiling wire and 
toothpicks in s few hours would be desirable. 

Another kir.d of states*, cat frequently heard is 
"A man can't or won't do a good job if he doesn't 
imdormtaod what he ia doing." The joker in thia 
sentence is the word "understand." It is true 
that joe will work harder when he has work-(«*>( ml 
objectives and a knowledge of how his various 
activities lead to that objective. Bui this knowl- 
edge, tike the answer to the question "What is 
sex. Daddy?" may occur at vsrious levels and 
still be valid and satisfactory to the one a»ktns 
the question. It is a icfeearch problem to determine 
what information is most easily learned by the 
mechanic *m is most effective in getting the job 
done well. More rigid selection and lengthier 
training might, no doubt, increase the number of 
potential problems which the graduates can solve. 
But sluuuuiu* in theft* ic^'ciib cirt   uireMuy high 

I •l^:«*3fc 

aud to push then higher would not be 
in tares of costa unless **» character of seiec- 
tion  and training methods  were first  changed. 

Although the present research will not by any 
means solve all of these problems, ft is expected 
to provide some information to support or refute 
hunche""" to what cmtMit •knnld be emohaaicAd 
in "basic" or "fundamental" courses 

As one system becomes obsolete, mechanics 
become available for transfer to a new equipment 
system. By showing job similarities and differ- 
ences between earlier and later systems sach as, 
for instance, AN/APQ-24, K-l, and others, e 
picture will be obtained on what ia essential for 
transition training. 

Praeeriag TatfcMaal Orears la taWl*t»l Tana* 

A* <d*4 sat of job inarractioes would be those 
exactly sufficient to susbJe a parses knn«mi only 
th* nan** and locations of th* objects referred 
to in ths instruct ion a to perform, without additicss! 
help or experience, all the routine procedures of 
that job. This ideal aay not be altogether unreal- 
istic 

Technical orders are usually prepared by engi- 
neers. Their style, content, and format seem in- 
tended for fellow professional engineers. Theory, 
sad details of construction sod aquipsast action, 
as wall as ether kinds of information, surround 
and iiuerla:d specuic instructions on whai to do 
and when to do it. job instructions in these tec}.. 
meal orders, although accurate, tend to be in- 
complete and unclear except perhaps to one who 
already knows the procedures. 

A complete, clearly written set of job instruc- 
tions may not only supplement a training program, 
but in some cases it may actually take the place 
of training. If printed words cannot communicate, 
then ths n.e*.'tanic must learn by doing and by 
.i.^-..orizing what to du» T»e performance check 
of one equipment may consist of severe! hundred 
steps. This takes a lot of memorizing. 

The present project has developed methods of 
ajfting down job activity data on Job Behavior 
j-'onr.s (a sampie page was provided in Figure 
1). Besides serving a research purpose, this 
scheme may be adapted to a method of setting 
down maintenance instructions. Although it may 
se*>m at first glance aomewhat cumbersome, the 
format can be quickly teamed both by the writer 
and   the   reader  of  technical   instructions.   The 
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formst minimise* lit<ii*ry akill in composition and 
interpretation with • corresponding gam in cleaN 
nesa. 

Work also needs to b~ dons on simplifying the 
terminology in use. This would be a task involving 
major revision of current technical vocabulary. 

A set of complete and clear job instructions 
esc serve many purposes including those of train- 
ing and proficiency evaluation. Most important of 
til, they can be a crucial instrument in simplifying 
learning and doing the job. 

The research staff on this project is interested 
in further adapting and testing this promising 
technique of "job activity communications" to 
technics! orders and handbooks of maintenance 
instructions. This work, if begun in the earliest 
stages ot production of new equipment, can obtain 
two objectives with one effort. The first objective 
is s comprehensive job statement from which job 
analyses may be made for training snd selection 
purposes. The second is, of course, a usable 
handbook of job instructions for both trainees snd 
technical school graduate*. 

0»—StwaW»a (quiemoti D«>)«n a* Jot 0»t!Sr. 

One of the by-products of this research has 
>k. .;•;<• ,f   H.M.    t — --.- 

tegrating job design and equipment design at 
early stages of equipment development. The com* 
parativo simplicity or difficulty of the maintenance 
job is built into the equipment. The engineer is 
designing a job when he designs, for example, a 
radar set. The engineer should be aware of the 
capabilities and the limitations ot U»e human 
beings on whom effective operational uue of the 
equipment depends. There has been a great deal 
of research in terms of which specialists can 
specify, with respect to s given piece of equip- 
ment, the activities v,nich human beings can and 
cannot learn to do readily and with a mini-nun-. 
risk of error. Specialists in human resources and 
in actual training should aasist in planring 'vhat 
the equipment will be. The planning engineers 
may need to be reminded that the equif. ment will 
be no better than its maintenance. The manufac- 
turer needs to be Advised that he shou. d not count 
on having engineering college graduates tc keep 
the equipment serviced. He should count, rather, 
on high school graduates somewhat, but not riurt- 
lingiy, above aveiage intelligence. They will 
probiibly have a number of weeks of schooling in 

wx ee**-*'- ,j.«, -. •*•**. 

their job but only a few hours of real practice of 
their job operations on actual equipment before 
they get placed or. their jobs. 

The design of testing gear snd of <e«tinc pro- 
ccduresmay also profit by assistance from human 
resourcec and training specialists in planning 
early in the development of the system. Thus, 
although the engineering psychologist and the 
instructor msy be a nuisance to the design engi- 
neer, their criticisms snd constructive sugges- 
tions on check snd test points, testing gem, mad 
packaging of the set should pay off by savings 
in training and other manpower requirements for 
maintenance. 

In the course of ti.is research some information 
na* been collected about how to design equipment 
for the simplifying of maintenance. This infor- 
mation is by no means exhaustive of the many 
developments being made by various Manufac- 
turers who have been working individually on 
this problem. FoviinK o* information of this type 
among the  services would be very  beneficial. 

Caninf mi CsswSjeastaa I 
Oa tUks*mm*u Acii*iii«» 

Another by-product of this research was the 
development of the Standard Maintenance Form 
fa**  A.,nrru!i*   A'-    'I«I« *•«••;   " fofSSt  ?fH S "?£- 

cedure tor getting and storing maintenance activity 
dots, the sbsence of which wss a severe handi- 
cap, not only ti the present research effort, bat 
also wss s frequent source of embarrassment to 
the Air Force in solving many other problems. 

An organization, lise an individual, can profit 
from experience. In order to do so it must observe 
and remember information. The mote accurately 
and completely relevant details are noted, the 
store reliably can the information be uaed in solv- 
ing the next problem. But the memory system of 
an organization csssists of its records. 

Although extensive improvements have been 
noted in maintenance record-keeping during the 
p«utf two yeeis, attention ma*' still with porjt be 
directed towards the problem. Ideally, mainte- 
nance records suitably monitored and interpreted 
should provide data which may Y.J.y Ihe tol lowing 
functions: 

1. Guide the modification of equipment, 
testing ievices, mainter.arce, snd operating pro* 
ceduies. 

2. Design of maintenance jobs. 
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3. Predict job requirement* in overall main- 
tenance of • fciven type of equiprrsnt then used 
during prototype testing, 

i. Standardize end simplify recording, cl»s- 
sifyif.g,  and filing of maintenance information 

5. Aid maintenance personnel on the line 
in then duties, 

6. Help find bottlenecks in maintenance 
operations. 

7. Provide criterion data for evaluating 
maintenance at the level of tad-vlduals, organ* 
i-ations, fields, and equipment system*. 

Only such data should be obtained which actu- 
ally will be processed and from which decisions 
will be made, If, however, It la decided that a 
given form of date will be collected, thorough 
indoctrination and monitoring mast be given to 
those who note and record these data; otherwise 
the information will be biased, incomplete, end 
misleading* Moat people who work with tools end 
instruments look on record-keeping as a nuisance 
chore. This attitude is bstered by poorly organ- 
ised forms, requirements of excessive writing 
sad literary effort, the belief that nothing will 
come of the information recorded, end finally, 
the indifference of supervisors. 

If recording of information is to be dime at all, 
it must be rr4cde an essential part of the job and 
xsuignixed as each bntti hy the man en tae ;ob 
and by his supervisor. Indoctrination must be 
started during training so that record-keeping 
gets leaned as an integral part of maintenance 
work. But the man who keeoa records must be 
*w«r« Mud participfite in their consequence if 
ha is to remain motivated. If he sees the previous 
year's records stuffed in a bottom desk draper 
gathering dust, he will rightly resent the red-tape 
paper work be has to do. 

The present research has developed a fonoet 
of s Standard Maintenance Form (Appendix A) 
which ia especially intended for electronic aye- 
terns but may be adapted to mechanical systems 
aa well. The SMF has hsd field tryoute, but thus 
far only as a temporary end accessory form of 
record-keeping,' Dats kept on it would assist in 
the seven functions mentioned several paragraphs 
above. Although th« SMF wan designec as s re- 
search instrument, it rs also offered ss s format 
for record-kevplng whatever complex eiec^onlc 
gear is under maintenance. 

OataUa  on   tha   conatrucllort, rationale,   and  ua*  of  tha 

Overview and Perecest 

A brief overview may helo to show where this 
research now steads and what direction* it is 
pltaiaed to take. 

Methods have been developed for making com- 
plete, concrete stetemenra of the msint 
job. These method* rely on sa analysts of what 
the «•••» must do. The analysis is baaed on the 
con attraction of the equipment plus data on mal- 
function* and corrective actinna taken from main- 
tenance activities. The technique wen applied to 
Q-24 prototype data sad compared with s similar 
analysis made of the production mcdel* of the 
Q-24 used in Strategic Air Command, The flight 
line maintenance jobs described by these two 
analyses were vary similar. This suggests that 
actual training on specific job behaviors of Q-24 
line mechanics could have bees prepared 
given   before  production   model*  were in 

Current and future research on other equipments 
will demonstrate whether specific sad detailed 
maintenance job requirement* can be similarly 
anticipated on them. If so, the methods for Job 
anticipation can be recommended aa a •»—mr^i 
practice. If tars rs done, years of lead time la 
training may be saved whenever there rs made a 
"calculated riak" tint th« »•*?»*»? rilisctssllj 
gp law production. 

The job of maintenance can be simplified by 
suitable job design sad division of over-all main- 
tenance into individual jobs. These end* can in 
part be achieved by engineering design coordi- 
nated with job design, A revised matt*"! of set- 
ting down job inrtroctions (technical ciders) may 
also do much to aimplify training and performance 
cf maintenance-. The preaent research has de- 
veloped form at* which may aid in this simplifica- 
tion program. 

The stress on the collection of job date led to 
the design of s fotmst ==Ued s Standard Mainte- 
nance Form. This SMF is also intended to get, 
with minimum effort in writing, data for diagnos- 
ing what needs to be done in set modification, 
training, snd maintenance operation*. An attempt 
will be made to ret *.J*» application cf sir.plc 
techniques for getting and processing dats from 
prototype and field .laintesance activities. It 
ia intended later to try using the SMF for indi- 
vidual and organizational criteria of eff«M*(v*news. 

Dy coikctmv. tob information on ?h» data of 
several radar mechanics' jobs st various levers. 
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It is expected to find out what element* they 
have in common. These "elements" will not be 
derived from armchair opinions auch aa "if they 
all work with electronic equipment they have to 
'know' electronics." This may turn out to be true 
in certain ways or it may not, Itia sound, at least 
from an economical standpoint, ID find oat what 
tcftia/ job behaviors an common to the various 
job*. Than it can be insured that practice can be 
given on auch behaviors in ao»called "baaic" or 
"fundamental "school*. Oa t he basis of these com- 
mon job behaviors it may be 1 •anted what "know* 
ledge" or principles to :caci> the mechanic which 
will most effectively bring his intelligence and 
interest to bear on his job problems. 

During the period of work on thia contract there 
is evidence of some '^spontaneous creeping" 
towards many of the suggestions proposed here. 
Through trial-ar.d-error of manufacturers, engi- 
neering development, an;' technical tr*,ning, 
these people themselves ere changing in the 
directions proposed in this report. Research, 
however, speeds and makes systematic the normal 
trial audcriur process. It can also make remits 
available to a wide audience rather than allowing 
them to stay locked in the heeds of one or two 
people. 
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An Our in* of ffe-3 Logic In Fv ctlonoi 
Analyiia 

The following stops we intended to trace broar~ 
ly the relationships b**we*n the over-ill purpose 
in objective of the equipment and the job actions 
which mast be performed on the equipment. In 
other words, the "job" of the machine is shown 
as i-teriocking with the job of the man. This 
analysis may be carried down to extremely spe- 
cific man-machine tasks. Although the present 
context is that of the maintenance job, the seme 
•iuemc might also be applied in determining the 
job action requirements of the operator of the 
equipment. 

A detailed extension of this scheme provides 
a basts for integrating equipment design and job 
design doing their formative states. It also 
provides for a systematic job analysis. (Note that 
e fictitious example is given.) 

J. What re taw aear—iswaf reactiew ot the 
•qmpment? The operational objective asd its 
limits are determine*? by military specifications. 
For example, AN/X radar bombing equipment has 
as its fraction the droppisg =! bombs -ita 50 ail 
seweecy «'« the basis of specified kinds ot" input 
information to the equipment. Fifty mils is the 
"tolerance limit" set for the equipment as a 
whole. 

2. What ore the vm/ee/et in fee eee/erfoaef 
hmcHm which are controlled by the eqnrpaent? 
These variables usually arise from natural phe- 
nomena. In eqvinment AN'X thoee .affable** are 
the variables of the "bombing asd rr'igetional 
problem" each as distance from *:r£at, wind 
direction, wind velocity, air or ground speed of 
aircraft, bomb ballistics, aiid so forth. Subsystems 
ot the equipment control each of theme variabV s 
with specified tdcrac^e limits of accuracy, Tba 
to!«iM<M.« limii of ail wucfMvw* laytha? i- -~- 
terminedby the tc-ierance limit for the operational 
fun ct tun. 

3. V/'hai are tne Interaction raqe/rtmesfs ot 
the part* of tho equipment to each offar within 
euoeyefeae? This requirement is defined by the 
toleii.iCc limits permitted for the specific -.i!t>- 
system in question. In the AN/X •uO»y»i«Mi. MM 

the control nf "aaeutat •Ii»t«'WN. Uw target" the 

output from eech componerit must vary »/uhjr. 
specified limits in relation to the data fed info the 
components of the subsystem. These equipment 
interaction requites—nts involve the engineering 
problems which the design of circuits and me- 
chanisms most solve. A sample statement would 
be. "i»nen shaft A is rotating at z, the eharging 
rate of the generator must be within 2 amperes of 
value y or the equipment will tend not to control 
for angular distance from the target within allow- 
able tolerances. '" 

4, Char are the isrfVcefer reaefremanrs ot tho 
equipment? Thesecreprovidedby the engineering 
designers. TI»ey offer direct or indirect evidence 
of the adequacy of operation of the set and its 
component*. For example, "When the Revolotions- 
peMlraute indicator is 100 plus or minus the 
width of the needle, the Rate-of-Charea meter 
must read 75 plus or minus 2 units." 

.* *?^fflr*fn^ ^eeTewrc s ffTrerwefjsa ran^nrvs 
jnontsr in uiacr word*, what uuei the set teii the 
mscfaanic so that be will know U it (or some por- 
tion) is petfotnuag adequately? This set of re- 
qulrementtt is made up is part from what can be 
done by the meehear.c to correct the component's 
action and in part troti. what needs to ae kaowa 
in order to decide whether the equipment should 
or should not be used in s mission. The charac- 
teristics both of the mechanic and of the eouuv- 
mem maxe up this requirement. Pointer indications 
on the KPM and Rate-of-Charge indicator- require 
that the me.-hanic tell the difference between an 
in-tolerance at.-J out-of-tolerance reading. 

6. h'nat are rnemechenfe a action regmrscenfe P 
What does the mechanic have to do, and do it 
with, and to vhat, in ordei that tie set will oper- 
ate properly' B"tH the equipment SIK! the mechanic 
together pose these requirement.'^ They involve 
the ways in which the mechanic can control the 
change of action of the set or portion* cu it. Thus, 
he ..-.-; have a "Rate-of-Cbarge" adjustment 
screw. Wh«n he turns it tn H»w right, tho charge 
rote increases;  w&en be turns it to the fen, ji 
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7. %hmt are iho mcditmiic'a famJU.k Inhtmc* 
tlon tcqsinafwitm? Wha. will tell the mechanic 
thai his attempted corrective action was adequate 
of inadequate? If hie firat response foils to b* 
adeou*!*, other uctions which he may take to 
htiog ths ixc«dl« iniu the correct position may *>• 
spelled out. These alternatives *ereae aubtsaks 
i.i the job. 

Note tb?* steps 5, 6. ana 7 ue the job of the 

- 

mechanic into th« job which the eqaipment has to 
perform. Steps 4 and Slink the action of the equip- 
ment to the action requited of the mechanic and 
are the steps whet? engineering design and " o 
ue^ign come together. This is alec t: le in step 
7. In the engineer's language, the functions >f 
the eechssic olss the fsitCtion uf the equiptrr.•:• 
form a " closed loop." 
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